Abstract. Stiffness-based structural health monitoring methods are widely used for detecting the damage in a structure. These stiffness-based structural health monitoring methods uses change in natural frequencies and modeshapes for damage detection. These methods are based on identifying the change in stiffness of the healthy and damage structure to predict the damage in the structure. These stiffness-based methods are not efficient for detecting a small damage in a structure as there is a negligible change in natural frequencies and modeshapes due to a small damage in a structure, however the damping characteristics of the structure are highly sensitive to the damage in a structure. In this paper, new damping-based damage detection procedure has been proposed. In the proposed procedure, the changes in damping matrix of the structure has been used to detect the damage in the structure. The proposed procedure is able (or can) to detect both the location of the damage and the extend of the damage in the structure. The proposed procedure of dampingbased damage detection is a 2-step procedure. In the first step, damping matrices of both the healthy and damage structure are identified and in the second step, the identified damping matrices are used for damage detection. Numerical and experimental case studies are presented to demonstrate the effectiveness of the proposed procedure. The results have shown that the proposed damping-based damage detection procedure can be used for detecting damage in a structure with confidence.
Introduction
Stiffness-based methods have been developed and applied for detecting the damage in the structures. The basic idea behind these methods is that modal properties (natural frequencies and modeshapes) of the structure depends upon the stiffness of the structure. Therefore, the variation in the stiffness of the structure cause changes in the natural frequencies and modeshapes of the structure. Damage in a structure may be due to cracks, loose bolts, broken welds, corrosion and fatigue. Cawley and Adams [1] and Kim et al. [2] used natural frequencies of the structure to detect the damage in the structure. These methods are very simple as natural frequencies can be measured with high accuracy. Pandey and Biswas [3] used natural frequencies and modeshapes for detecting the damage in the structure. This method predicts changes in flexibility, which is inverse of stiffness, of the structure to detect damage. These methods are non-parametric and direct. However, these methods can't be used for predicting the exact location, extend of the damage and multiple damages in the structure.
Finite element method (FEM) is the most widely used for predicting the dynamic characteristics of any structure. It is well known that finite element predictions will be erroneous due to inevitable difficulties in modelling of joints, boundary conditions and damping. The experimental data are generally considered to be more accurate. This has led to the development of model updating which aims at reducing the inaccuracies present in the analytical model in the light of measured dynamic test data. Many model updating methods have been proposed in recent years. Model updating methods can be broadly classified into direct methods, (These methods are essentially non-iterative) and the iterative methods. A significant number of methods, (Baruch and Berman and Nagy [4]; Baruch [5] ), which were first to emerge belonged to the direct category. Although, these methods are computationally cheaper and reproduce the measured modal data exactly, they violate structural connectivity and updated structural matrices are difficult to interpret. On the other hand, by using iterative methods, structural connectivity can be easily maintained and corrections suggested in the selected parameters can be physically interpreted. These methods also provide a wide choice of parameters for updating. Iterative methods either use eigendata or frequency response functions (FRF). Collins et al. [6] used the eigendata sensitivity for analytical model updating in an iterative framework and Lin and Ewins [7] used measured FRF data to update an analytical model. The finite element method along with model updating (Jaishi and Ren [8] ; Wu and Li [9] ) has been used to detect and locate the damage elements in a structure. Most of the model updating methods are iterative and parametric undamped methods and uses changes in the stiffness for predicting the damage in the structure. These methods can predict multiple damages in the structure however, MATEC Web of Conferences 148, 14004 (2018) https://doi.org/10.1051/matecconf/201814814004 ICoEV 2017 these methods can't be used to detect small damages in the structure due to low sensitivity of natural frequencies and the modeshapes to damage. Some research has been carried out to detect the damage using damping instead of stiffness. Zhou and Yang [10] demonstrated that visually undetectable cracks have very little change in natural frequencies and modeshapes, while there is a significant change in damping characteristics of the structure. Kawiecki [11] studied the changes in modal damping, obtained using half-power bandwidth method, to detect damage in the structure and concluded that changes in damping characteristics of the structure can be a useful indicator of damage in the structure. In this paper, new damping-based damage detection procedure has been proposed. In the proposed procedure, the changes in damping matrix due to damage are used for detecting the damage in a structure. The proposed procedure of damping-based damage detection is a 2-step procedure. The proposed damping-based damage detection procedure not only predict the location of the damage but also the extent of damage in the structure. In the first step, damping matrices of both the healthy and damage structure are identified using finite element model updating approach and in the second step, the identified damping matrices are used for damage detection. Numerical and experimental case studies are presented to demonstrate the effectiveness of the proposed procedure. The results have shown that the proposed damping-based damage detection procedure can be used for detecting damage in a structure with confidence.
Simulated numerical case study
In this section, a simulated numerical case study of damped lumped mass system is presented to demonstrate that the changes in damping is a better indicator of damage in a dynamic system in comparison to stiffness. 4 degree of freedom lumped mass system shown in the It can be concluded from this simulated experimental study that modal damping is very sensitive with respect to damage and therefore can be used for detecting damage in the structure.
Theory
In this section, damping identification method [12] is presented. The damping identification method, this damping identification method requires prior knowledge of accurate stiffness and mass matrices. The identified damping matrix (C) is both symmetric and positive definite. This method is based on Lancaster's formulation [13] in which damping matrix is identified from the measured complex modal eigen data and damping matrix can be computed from the formula given as:
where the overall bar represents complex conjugate.  is the diagonal matrix of complex eigenvalues i  and  are complex eigenvectors. This formulation requires normalized complex eigenvectors (  ). The complex eigenvectors are normalized by direct method given by Arora et al. [12] as: Similarly, same procedure is applied to identify the damping matrix for the damage cantilever beam structure. Fig. 10 . Overlay of experimental FRF of the healthy structure and damped updated FRF It can be observed from the identified damping matrices of the healthy and damaged cantilever beam that there is a 3.06% damage in the element 3 of the cantilever beam structure. It can be concluded from the experimental study that the proposed damping-based damage detection method is able to predict small damage in a structure.
Conclusions
In this paper, a damping-based damage detection method method is proposed. The proposed method can detect the location as well as the extent of the damage in a structure. The proposed damping-based damage detection method can detect a small damage in a structure as modal damping is very sensitive to small changes in the damping matrix due damage in the structure. Whereas, stiffness-based damage detection cannot able to detect small damages in the structure as natural frequencies and modeshapes are not very sensitive to small changes in stiffness matrix due to damage. Numerical and experimental case studies based on a lumped mass system and cantilever beam structure have been carried out to demonstrate that the changes in modal damping is better indicator of damage in a structure than the natural frequencies and modeshapes. The proposed method is subsequently applied to real experimental data of the cantilever beam structure to detect small damage in the structure. The proposed method able to detect successfully small damage in the cantilever beam structure. So, it can be concluded that damping-based damage detection method can be applied with confidence.
